Heat capaci ties of two high density linear polyethylene sa mples were meas ured from 2 to 360 K. By incorporating th e res ults from the previous work of this serie s, thermodynamic properties of compl e tely crystalline lin ea r polyethylene may be estimated. Cp , H -Ho, Sand -(G -Ho) at 298.15 K for crystalline lin ea r polyethylene are estimated to be 22.60 J K-' mol -I, 3544 J mol -I, 23.02 J K-' mol -' and 3319 J mol -I, respectively. Spo ntaneous adiabatic temperature drifts were obse rved in both sa mpl es near 240 K. These drifts may be attributed to the enthalpy re laxation ph enome na occ urrin g in the glass tran sformation region.
Introduction
The heat capacity behaviors of two high density linear polyethylene samples were studied. These two samples were prepared from the same stock from whic h the standard refe rence material SRM 1475 for linear polyethylene whole polymer was established. By crystallizing slowly from the melt in vacuum, the degree of c rystallinity of the sample was increased from the original value of 71 to 88 percent, as estimated from their densities. Another sample was crystallized unde r 5000 atm of pressure. The pressure-crystallized sample was composed mainly of extended-chain crystals and has a degree of crystallinity of 96 percent.
By combining the results from this work and from the previous work [1]1 on a sample of SRM 1475 in the condition as received, th e thermodynamic properties of 100 percent c rystalline linear polyethylene may be estimated.
Large spontaneous temperature drifts were observed in the temperature range centering around 235 -240 K for both samples when quenched or annealed, as well as for the original sample of SRM 1475 after similar quenching and annealing procedures. These drifts, phenomenologically similar to that observed to occur in the glass transformation range of completely amorphous substances, are the basis of the assignment of the glass transition temperature in polyethylene.
L Figu res in brackets indicate the lit erature references at the end of this paper.
Experimental Detail

Calorimetry
Heat capacity measurements on the two high density linear polyethylene samples were made with the same vacuum adiabatic calorimeter [2] as that used previously for the two samples of standard reference mate rials, SRM 1475 and SRM 1476 (linear and branched polyethylene whole polymers) in the conditions as received [1].
Samples a . Slow Melt-Crystallized Linear Polyethylene
The density and the crystallinity of a sample of SRM 1475 linear polyethylene were increased by melting and recrystallizing the sample slowly in a mold in a vacuum oven. The sample was melted by heating to 170°C and keeping it there for about 1 hr. It was then cooled to 150°C in 1 hr. A rate of cooling of 0.75 K h -1 was maintained during the period when the sample was cooled from 150 to 90°C. The sample was then cooled to room temperature at a rate of a few degrees per hour.
The finished sample from the mold was in the shape of a cylinder, 5-cm O.D. and 6.3-cm long, with a hole of 1.3-cm diam in the center. The density of the sample was 0.981 g cm -3 at 23°C as determined in an ethanolwater density gradient column.
Small angle x-ray diffraction patterns were obtained from this sample. The long spacing of the sample was increased to 24.7 nm by the slow melt crystallization process. The new value is about twice the original value, 12.1 nm. for the sample of SRM 1475 in the condition as received. The mass of the calorimetric sample was 93.105 g in vacuo. The density values of 0.981 and 0.00117 g cm -3 for the sample and for air, respectively, were used to estimate the buoyancy correction. No variation in the densities of the sample, before and after the calorimetric measurement, was detected beyond a range of 0.0005 g cm -3 • Helium gas at a pressure of 12.5 cm of Hg was sealed in to facilitate the thermal conduction within the sample container.
b. Pressure Crystallized Linear Polyethylene
The crystallization of linear polyethylene sample under high pressure [3] was carried out as follows. A sample of SRM 1475 linear polyethylene was placed in a steel pressure vessel, 2.5·cm J.D. and 2.5-cm wall thickness, and then pumped down to a pressure of about 1 X 10-4 mm of Hg. After 2 h , a sealing plug was forced into the bore and the vessel was disconnected from the vacuum line. A piston was used to push the plug in until the load reached 5000 lb. The whole vessel was then heated to 210°C while the position of the piston was kept constant. To do this the load on the piston was increased to about 60,000 lb (equivalent to a pressure of 5150 atm). The piston load was reo duced in order to melt the polymer and then increased in 2500 lb increments, followed by 5-min waiting per· iods, to crystallize the sample under high pressure. Inward creep of the piston during the waiting period, indicative of crystallization, became significant at 48,000 lb load but no apparently isobaric change in piston position occurred. The lack of such a change probably indicates that the pressure is not hydrostatic. At the same piston position, the load was 8000 lb less when being withdrawn then being advanced. If the force at the polymer-sealing plug interface is the average of these, the pressure was 4800 atm when the load applied to the advancing piston was 60,000 lb. After 20 min the heaters were switched off and the load on the advancing piston was kept between 60,000 and 65,000 lb as the vessel was cooled to 100°C. After cooling to 25 °C over a 15 h period the load was 45,000 lb. The sealing plug was withdrawn and the sample removed.
In order to check the possibility that the increase in the density of the sample is not due to the oxidation of the polymer at elevated temperatures, the sample was subjected to infrared spectroscopic investigations. A film of 0.1 mm thick was prepared from the pressure-crystallized sample according to ASTM Method D-2238-64T. The IR spectrum of this film was examined in the region of 1700-1750 cm -I . The recorded trace indicated only a smooth base line within 0.002 in the absorbancy scale in that region. When the IR spectrum of a film of 0.5 percent CO-ethylene copolymer, 0.04 mm thick and similarly prepared, was examined under the same operational conditions, the absorption peaks in the region 1700-1750 cm -I reached nearly full· scale of the recorder at about 1.23 in absorb· ancy scale. The peaks of a 0.05 mm film made from 1 percent CO·ethylene copolymer went off-scale in the same frequency region. Hence the oxygen content of the pressure-crystallized sample is probably much less than 10 ppm and no significant oxidation has occurred during the high pressure and high temperature treatments in preparing the sample and the film.
The intrinsic viscosity of the pressure·crystallized sample in l-chloronaphthalene at 130°C is 0.915 dl/g. The intrinsic viscosity of the SRM 1475 is 0.890 dlfg as reported in the certificate. Gel-permeation chromatograph, GPC, was also taken for the pressure-crystallized sample in order to detect any changes in the molecular weight distribution. The result of a single GPC run on the pressure-crystallized sample indicates an 8 percent increase in the Mn, a 3 percent increase in the M wand a 15 percent decrease in the M z over that of a calibration run of the SRM 1475. Except for the M z, the changes are within the estimated standard deviations of the molecular weight determinations by GPC for SRM 1475 [4] . Apparently no drastic change of the polymer had occurred during the preparation of the sample under high pressure and high temperature.
The mass of the calorimetric sample was 63.836 g corrected to vacuum. The density value s of 0.993 and 0.00117 g cm -3 for the sample and for air , respectively, were used to estimate the buoyancy correction. Helium gas at a pressure of 85 mm of Hg at room temperature was sealed in the sample container to facilitate the thermal conduction. The molar mass refers to the mass of the repeating unit -CH2 -, 14.027 g.
The melting behavior of the pressure-crystallized linear polyethylene sample was observed in a commercial dynamic differential scanning calorimeter (DSC). The extended-chain crystals of the pressurecrystallized sample melt at a higher temperature than the folded-chain crystals in either the as· received SRM 1475 or the slow melt-crystallized sample. However, just below the main melting peak, there is a small peak or shoulder which occurs at a temperature corresponding to the melting peak of the folded-chain crystals. The ratio of the energies involved for the first ~ower temperatures) peak to the main peak varies varies between 2 to 10 percent from sample to sample , indicating some inhomogeneous distribution of small amount of folded-chain crystal in the pressure crystallized sample. Similar behavior in the pressurecrystallized linear polyethylene samples has also been observed by other investigators using differential thermal analysis [3, 5] and DSC [6] techniques. Once the pressure-crystallized sample was melted and then recrystallized at atmospheric pressure, it behaved just like the ordinary linear polyethylene sample.
The energy required to melt the three linear poly· ethylene samples (as received, slow melt·crystallized, and pressure-crystallized) appears to be a linear function of the degree of crystallinity which is assumed to have a linear relationship with the specific volume of the sample. The heat of fusion for completely crystalline polyethylene is estimated at about 4100 ] mol-I from the DSC experiment, if the value of 1.00 cm 3 g-1 is adopted as the specific volume for 100 percent crystalline polyethylene.
Results
. Representation of Data
The results of the heat capacity measurement are tabulated in Table 1 and shown graphically in figure 1. Also shown in figure 1 are the results from the previous work [1] for the linear polyethylene sample SRM 1475 in the condition as received and the branched polyethylene sample SRM 1476 in various conditions. Table 1 is arranged in the order of increasing initial temperature of a series of heat capacity determinations. The series are numbered in chronological sequence in order to facilitate the tracing of thermal history of the sample. Quenched samples are produced in the cryostat at a fast cooling rate of 4-5 K/min. Annealed samples are either produced by a slow cooling rate of 1-2 K/h, or by holding at 220 to 225 K for one to three days followed by slow cooling. Series I of both samples represent measurements before any refrigerant being introduced into the cryostat. For the slow melt-389 crystallized sample, Series II-VI and XI represent heat capacity determinations after a quenching procedure, with the rest of the series represent that following an annealing procedure. For the pressured crystallized sample, Series II and VII-IX represent the measurement on the sample after quenching, while Series III and IV-VII represent that after slow cooling and annealing procedures.
The temperature increment for a heat capacity determination may be inferred from the differences in the mean temperatures of the adjacent determination within the series. Curvature corrections have been added to correct for the effect of the finite temperature rise of a determination. The precision of the measurement above 25 K is in the order of 0.05 percent. Below 25 K, the precision graduately changes to 1 percent at 5 K and about 5 percent at 2 K. The accuracy over most of the temperature range of the measurement is believed to be comparable to the precision as seen from the result of the heat capacity measurement on a Calorimetry Conference standard sample of sapphire [2] .
Smoothed heat capacity values at rounded temperatures along with values of other derived thermodynamic functions are listed in table 2. Ho and So refers to the zero point enthalpy and the residual entropy of the individual samples. Since these samples are expected to have undetermined residual entropies at 0 K. Gibbs free energies for these samples are not given in table 2.
Estimation of Cpof Crystalline Linear Polyethylene
Heat capacities of linear and branched polyethylene samples from several literature sources as well as those from this research are plotted at selected temperatures as a function of spec ific volume at room temperature in figure 2 . Literature values [7] [8] [9] [10] [11] [12] included in figure 2 are those where the densities of the samples are given. The degrees of crystallinity of the samples are interpolated linearly between the specific volume of 1.00 cm 3 g-I for the c rystalline part and 1.17 cm -3 g -I for the amorphous part.
In order to minimize the effects due to the differences in chemical compositions and due to the differences in the laboratory techniques, the heat capacity of 100 percent crystalline linear polyethylene was estimated only from the results obtained in this laboratory for the three linear polyethylene samples which are derived from the same stock as that used to establish the SRM-1475. The heat capacities of these three samples ranging from 71 to 96 percent crystallinity are represented by the filled circles. The temperatures are denoted by the numbers nearby the straight lines. The straight lines are obtained by a least-squares fitting procedure through the data for the three samples. From 30 to 360 K, the maximum deviations of the data points from the generated lines are less than 0.4 percent. Apparently the two-phase additive model is applicable at high crystalline contents. Since the extrapolated range of crystallinity is only 4 percent, it is believed that the heat capacity of 100 percent crystalline linear polyethylene may be estimated to The reliability of such an e xtrapolation for the amorphous phase, especially at temperatures above 250 K, is less certain than that for its crystalline counterpart, not only because the range of extrapolation is much longer than that of the measurement, but also due to the uncertainty in applying the simple two phase additive model over a long extrapolation region. The heat capacity curves for the three linear samples, figure 1, show curvatures con caved upward at temperatures above 300 K. These features are probably caused by pre melt- 5  10  15  20  25  30  35  40  45  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270  280  290  300  310  320  330  340 The s uperscripts of sand p for the zero-point enthalpy and entropy values denote the reference states of slow melt-crystallized and pressure-crystallized polyethylene, respe ctively. The extrapolated values of crystalline and amorphous linear polyethylene from this investigation are plotted in figure 4 along with estimated values of crystalline, amorphous and liquid polyethylene from other sources. The Cp of ideal CH2 chain crystal estimated by Broadhurst [13] from the n-paraffin data is in general higher than those obtained from this investigation, although the experimental n-paraffin values up to 200 K are slightly lower. Between 2 and 30 K, Tucker and Reese's values for the crystalline phase based on their measurements, are very close to ours, and is therefore not shown in figure 4 . However, their estimated values from 30 to 150 K, with identical heat capacity for the crystalline and the amorphous phases from 60 to 150 K, lie inbetween our values for the two phases, but closer to our values for the crystalline phase. In an earlier estimate by Wunderlich [14] the values for the crystalline phase is identical to that of the amorphous phase for temperatures below no K. These values are somewhat higher than the estimated crystalline heat capacity from this research, At higher temperatures the values for the crystalline heat capacity are also higher than that from this research. The more recent estimate by Wunderlich [15] [12] . The results of the DSC work are lower than the values for crystalline phase from this research at temperatures above 250 K. In both Wunderlich's estimates, there is a pronounced dip in heat capacity around 250 K. However Wunderlich's calculated values [12] based on a spectrum assigned earlier [16] agree relatively well with the result from this research over a wide temperature range.
For the amorphous phase, the estimation of Tucker and Reese [10] below 30 K agrees relatively well with our estimation for the amorphous phase. Because of the closeness of the two estimations, their values are not shown in figure 4 . However their estimation to 150 K and the conclusion that the amorphous and the crystalline phases have identical heat capacity do not agree with the findings from this investigation. Two estimates of heat capacity of amorphous polyethylene have been made by Wunderlich. The earlier one [14] assumes identical heat capacity behavior for the amorphous and crystalline phases for temperatures below no K. The more recent one [15] incorporates the estimate by Tucker and Reese for temperatures below 150 K and assumes identical heat capacity values for the two phases between 60 and 210 K. Both Wunder· lich's estimates for the amorphous phase are terminated around 250 K by the linear extrapolation of the liquid heat capacity above the melting point.
Heat capacity of the liquid and the supercooled liquid polyethylene from 200 K up has been estimated by many authors. Broadhurst [13] has estimated the Cp of ideal CH2 chain liquid from n-paraffin data from 200 to 370 K. Atkinson, Larkin, and Richardson [17] have based their estimates on their measurement of liquid polyethylene above the melting point and n-paraffin data at lower temperatures. Wunderlich's earlier estimates [14] of liquid polyethylene C pare the linear extrapolations from the liquid heat capacity of a sample of Marlex 2 50 above the melting point in reference [18] . The more recent estimates [15] of Wunderlich were extrapolated from the average values of a collection of liquid polyethylene data.
Comparison of Results of Different Polyethylene Samples
Low temperature heat capacity behavior of various polyethylene samples are plotted in figure 5 , As mentioned earlier [1], the heat capacities of the linear SRM 1475 sample and the branched SRM 1476 sample in conditions as received agree within 1-2 percent of the values reported for M2 and low density samples, respectively, studied by Tucker and Reese [10] . The reason for the closeness in agreement T   5  10  15  20  25  30  35  40  45  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270  280  290  300  310  320  330  340  350  360 273.15 The superscripts of a and c for the zero· point enthalpy and entropy values denote the reference states of amorphous and crystalline polyethylene respectively. .,
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T,K is probably due to their respective similarities in densities. The difference in the densities for the linear polyethylene samples is about 0.004 g cm -I and that for the branched samples is about 0.01 g cm-I .
The linear extrapolation of C p versus crystallinity below 5 K is probably strongly influenced by the C p of the pressure-crystallized sample, which shows an upsweep in C p/P as the temperature is lowered. The A sensitive way of detecting any irregularities in the heat capacity behavior of an individual sample is to remove from the observed heat capacity the contribution from the relatively smooth crystalline heat capacity. The differences in the heat capacity of the three linear polyethylene samples, derived from SRM 1475, from the extrapolated crystalline heat capacity are plotted in figure 6 . The short vertical bars at various temperatures indicate the magnitude of 1 percent of extrapolated heat capacity for crystalline linear polyethylene. For the two high density samples, systematic deviations due to the quenching and annealing processes are noticable in the temperature region from 170 to 240 K. The heat capacity of the annealed sample is about 0.1 to 0.2 percent lower than that of the quenched sample. The linear polyethylene sample SRM 1475 in the condition as received [1] has not been subjected to similar annealing and quenching treatments. A hump around 25 K is observed in the heat capacity differences of all three samples. The occurrence and the magnitude of the humps can generally be attributed to the differences in the specific volumes among the different samples [24] . The heat capacity differences of all three samples reach a minimum around 100 K. As shown in figure 2 , most of the heat capacity values at 100 K of various linear and branched samples from different laboratories are within a spread of 1 percent
The heat capacity differences rise sharply after the minimum at 100 K, and level off somewhat around 160 K. This behavior has also been observed by Beatty and Karasz [25] in a sample of high molecular weight linear polyethylene in the temperature region around 130 to 160 K and was considered by them to be the glass transition region for polyethylene. However, the heat capacity differences in figure 6 indicate another region of rapid rise around 230 to 270 K. In this temperature range, Beatty and Karasz have only noted a change of slope in the heat capacity behavior of their sample. Because the changes involved in the heat capacity "irregularities" are in the order of a few percent and spread over a wide temperature range, heat capacity determination alone may not be sufficient to indicate the OCCUfI'ence of the glass transition in semicrystalline polyethylene.
Heat capacities of linear polyethylene from various literature sources are compared in figure 7 with the extrapolated heat capacity for crystalline linear polyethylene as the base line. The comparisons of branched polyethylene data, including the study of SRM 1476
5. -------.--------.--------.--------,--------,-------.-------~ The results of the comparison shown in figures 7 and 8 are in general self-explanatory. A hump around 25 K in the difference curves, similar to that shown in figure 6 , appears in all low temperature measurements. Two regions of more abrupt rise in heat capacity around 150 and 250 K may be noticed in the studies of linear polyethyle ne samples by Dainton et al. [7] , and by Westrum [11] , similar to the findings from this iii ., the pattern of other branched polyethylene samples. The low temperature behavior of this sample is similar ,to the branched polyethylene studied by Tucker and Reese [10] , Westrum [11] and this laboratory [1] . The high temperature behavior of this sample is very similar to that of the branched polyethylene studied by Passaglia and Kevorkian [9] . Passaglia and Kevorkian's result on linear and branched polyethylene indicates that the heat capacity of the higher density linear sample is about 3-4 percent higher than that of the lower density branched sample at temperatures below 180 K. This indication is probably not real. The authors have pointed out in the paper that there have been experimental difficulties, and they have cited an uncertainty of 3-4 percent in the branched polyethylene and about 1 percent in the linear polyethylene me as urements.
. Adiabatic Temperature Drift and Glass Transition Temperature
The glass transition temperature of polyethylene has been assigned a value ranging from 130 to 250 K depending on the method of observation and on the investigators. The classical calorimetric and dilatometric methods of observing a break in the e nthalpy or volume versus temperature curves, or a discontinuity in the heat capacity or thermal expansion coefficient behaviors, have difficulties in clearly demonstrating the occurrence of the glass transition phenomena in highly crystalline polyethylene. In the more sensitive !1e" versus T plot, figure 6, one observes two areas where irregularities occur over a relatively wide temperature range. In both regions the magnitude of the irregularity seems to be proportional to the amorphous content. However, only in the high temperature region, spontaneous thermal relaxation behavior, similar to the behavior of other completely amorphous substances, has been observed for the polyethylene samples. Thus the glass transition of polyethylene is limited to the higher temperature region of the heat capacity irregularities.
The detection of the kinetic nature of the glass tran sition phenomena in polyethylene by means of the observations of spontaneous adiabatic temperature drift in the glass transition region has been discussed in more detail elsewhere [28] . The following serves as a summary as well as a supplement.
The drift observation is enhanced by quenching and annealing treatments of the sample. In adiabatic calorimetry, the average heating rate during the heat capacity measurement is relatively constant, in the order of 10 K h-I . Quenching is defined as a cooling rate to produce a glass at a much greater rate than the normal rate of observation. The cooling rates for quenching the sample in the calorimeter is generally in the order of 5 K min-I. The annealing of a glass can either be achieved by a very slow rate of cooling in comparison to the rate of observation, or by holding for a couple of days at temperatures somewhat below the glass transition temperature of the quenched glass. A slow cooling rate of less than 1 K h-I can easily be achieved. When a quenched glass is heated to temperatures near the glass transition region, sufficient mobility in the quenched glass allows it to relax toward the configurations of the supercooled liquid. If the sample is kept in an adiabatic environment, this relaxation shows up as a spontaneous temperature rise of the sample. This phenomena can usually be detected from some 50 K below the glass transition temperature, for materials having Ty around 200 to 300 K.
Annealed glass can easily be overheated to temperatures above its glass transition temperature before its viscosity decreases to a low enough level to allow significant configurational relaxation to occur. Therefore the over-heated annealed glass relaxes toward the supercooled liquid state by spo ntan eously lowering its temperature under adiabatic conditions. The spontaneous heating and cooling of the quenched and annealed vitreous sample near the glass transition region have been observed for many vitreous materials as cited in reference [28] . Drifts have also been noted in some rece nt calorimetric studies on vitreous substances [29, 30] . The drift method has also been applied to the locating of the Tu of partially crystalline poly-l-pentene [31] .
The total observed temperature in adiabatic calorimetry may come from three different sources, namely, the thermometer current, the heat transferred between the calorimeter and the s hield , and the thermal effects generated by the sample itself. A steady thermometer current of 2 rnA flowing through a 25-D (0 0c) platinum resistance thermometer produces approximately 0.1 T /273 m W of power. At around 250 K, under strict adiabatic conditions thi s power dissipation will cause a positive drift of the order of 0.03 mK min -I to appear for the calorimeter loaded with polyethylene. The heat transfer coefficient for the loaded calorimeter at 250 K is abou t 1 mK min -I per kelvin of temperature difference between the calorimeter and the adiabatic shield. With the short term temperature difference settable and controllable to within 1 mK, the positive drift produced by the thermometer current can be detected. Long term systematic variation in the drift has been observed to occur in the order of 0.05 mK min -I per hour. The drift observable at the same temperature on different days may be different due to the residual emf in the differential thermocouple circuit. The residual emf in the heater and in the thermometer circuits is always less than 1 /-tV and varies slowly in time and temperature. Assuming a similar order of magnitude of the residual emf in the differential thermocouple circuit, a temperature difference in the order of 20 mK may exist between the adiabatic shield and the sample container. Coupled with the thermal transfer coefficient, a long term variation in the drift in the order of 0.05 mK min -I may be expected.
In the temperature region around 150 K, some irregularity shows up in the !1e p plot, figure 6 . The magnitude of the irregularity seems to be more pronounced in the linear sample than that in the branched sample, figure 8 , it also seems to be proportional to the amorphous content. However no significant and long thermal drift is observed in this temperature region. One might associate this irregularity to the onset of the so-called crankshaft motion or other forms of segmental motion of the polyethylene chain in the amorphous phase. Branching of the chain increases the volume to be swept by this kind of motion and thus may hinder or move the onset to much higher temperature. A more pronounced Cp irregularity has been observed in a high molecular weight linear polyethylene sample [25] . Near 250 K, heat capacity irregularities show up in all three linear polyethylene samples, figure 6 . The magnitude of the irregularity seems to be proportional to the amorphous content of the sample. Similar behavior may be seen in branched samples, figure 8. Significant spontaneous warming and cooling of the sample after quenching and annealing, respectively, also show up in this temperature region. The calorimetric temperature drift , observed at 30 min after the termination of each e nergy input for the three linear polyethylene samples under both quen ched and annealed conditions , are shown in figure 9 . The drift behavior for the branch ed polyethylene sample was shown in reference [1] . Although the maximum magnitude of the observed drift is about one order of magnitude smaller than that observed in co mple tely vitreous materials, the observed magnitude'is still one order of magnitude greater than the contribution from the thermometer current and from the heat leak in the calorimeteric system. The magnitude of the maximum observed drift seems to be proportional to the amorphous content of the sample. However, the temperature at which the maximum drift occurs does not vary significantly as a function of the crystallinity of the sample. All three quenched samples show spontaneous warming drift peaks at temperatures around 235 K, and the annealed samples indicate cooling peaks near 245 K. Therefore in analogy with the behaviors observed for completely vitreous materials as cited in reference [28] and elsewhere, the glass transition temperature for the linear polyethylene sample may be assigned a value of 240± 5 K. This assignment is in good accord with a recent volume relaxation study on polyethylene samples [32] . The drifts for the two densified samples have been observed along with the heat capacity measurements reported in this paper. During the heat capacity measurements for the SRM 1475 in the condition as received [1] , no annealing and quenching treatments were applied. Therefore the same sample was reloaded in the calorimeter and the drift behavior was observed following similar annealing and quenching treatments to those for the two high density samples.
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